Abstract-The elasticity of nanomaterial is extremely difficult to be obtained with traditional method due to their ultra-small scale. AFM provide a feasible way to solve this problem, but it still meets many challenges especially for the measurement of one dimensional material such as DNA origami nanotube, CNT, Silicon Nanowire and so on. In addition to the influence aroused from the sample surface effect, locating the probe exactly over the 1D material with nano-diameter is hard to achieve due to the nonlinearity of PZT actuator and the thermal drift. In this study, a new method is proposed to overcome these shortcomings. It is a physical calculation process combined with experimental measurement results to deduce the elasticity of one dimensional material. This method starts at an assumed elasticity of nanomaterials, and then experimental elasticity can be obtained based on scanned image in tapping mode. The elasticity with minimized error between assumed one and experimental one should be the true value of the materials. Since with the imaging scan method, the exactly locating the probe over the sample is not necessary. In addition, due to accurately controllable tapping force, the deformation of the nanomaterial can be controlled within a tiny scale, thus the influence from the sample surface effect can be get rid of effectively. The elasticity (pre-known) of polystyrene is measured to demonstrate the effectiveness of the proposed method. The elasticity of DNA origami is also first time obtained with the proposed method, which shows an elasticity range between 75MPa and 180 MPa. This method is simple and can be used to measure other soft nano-materials.
I. INTRODUCTION
Since the first 2D four-arm branched junction assembled using single-stranded Deoxyribonucleic Acid chains (ssDNAs) by Seeman in 1981 [1] , the technique of DNA self-assembly has been developed rapidly due to its great potential applications. Many 2D/3D DNA nanostructures were coming to be available; especially, DNA origami [2] , invented in 2006, which possesses potentially higher yields and simple operation compared with traditional DNA self-assembly technique. With the precise addressability, metallic and/or semiconducting materials are easily to attach at designed position on DNA origami template by staple strands, or DNA building blocks can connect with each other, to form nano/micro-device. The proposed concept was named programmable oriented selfassembly on MEMS (P-OSAM) [3] , through which, high-order device/system of micrometer-scale can be constructed by different building blocks by sticky ends of ssDNAs. For stabilization of system/device, the understanding of physical properties of DNA molecules or DNA origami building blocks, especially elastic property (mechanical property), is of great significance.
Currently, many methods were developed to measure the mechanical properties of 1D nanomaterials, especially DNA molecules. Bustamantet [4] et al. measured the Young's modulus of λ-DNA by force-measuring optical tweezers, in which the λ-DNA molecule was stretched by fixing microscopic latex bead attached on one end of chain on pipette and another bead attached on another chain end. The Young's modulus of λ-DNA calculated by measuring the extension and the pulling force is about 346 MPa. Croquette [5] utilized magnet bead instead of latex bead to stretch the single DNA molecule. Although these methods have been demonstrated effectively for the Young's Modulus measurement of long DNA chains, they show poor efficiency for short chains or nano-structures. Atomic force microscope (AFM), as one of the most popular tool used for nanotechnology, has been used for measuring Young's modulus of nanomaterials in decades. Yoon's group [6] fixed one end of DNA chain on the S i surface while stuck another end on AFM tip, by lifting up tip off the S i surface, the force-distance curve was measured to calculate the elastic property of DNA. And the Young's modulus of ssDNA and double stranded DNA (dsDNA) were measured to be 978-1-4799-4726-3/14/$31.00 © 2014 IEEE 18±0.5 MPa and 55±3.2 MPa, respectively. The problem here is that the number of chains that attached on the AFM tip is unclear. In addition, all the methods mentioned above can only get the stretching elastic property in axis direction, not the one in radius direction. In 1995, Hu et al. [7] developed vibrating scanning polarization force microscopy to scan λ-DNA molecules, and found that the radial elastic property of λ-DNA is not constant, but was 20-70 MPa under 0.4 nN tapping force, and increased to 100-200 MPa with improved tapping force. The shortcoming of this method is that it doesn't work in liquid environment, the materials existed in liquid (such as cell, DONs) can not be measured. Pang et al. [8] supposed that the bending energy of vibrated cantilever is transferred into DNA perfectly and leads to a compression, based on which they obtained the Young's modulus of DNA to be 100-300 MPa. In fact, the assumption may be not true, because the bending energy of cantilever is converted into different energy, such as thermal energy, energy for plastic deformation and so on.
In this paper, we propose a new method to measure the Young's modulus of 1D nanomaterials by tapping mode AFM, named assumption-calculation method (ACM). This method is a physical calculation process combined with experimental measurement results to deduce the elasticity of one dimensional material. It starts at an assumed elasticity of nanomaterials, and then experimental elasticity can be obtained based on scanned image in tapping mode. The elasticity with minimized error between assumed one and experimental one should be the true value of the materials. The elasticity (preknown) of polystyrene nanoparticles (PS) is measured to demonstrate the effectiveness of the proposed method. The elasticity of DNA origami is also first time obtained with the proposed method, which shows an elasticity range between 75MPa and 180 MPa. This method is simple and can be used to measure other soft nano-materials. 
II. MATERIALS AND METHOD

A. Materials
DNA origami nanotubes (DONs), with diameter 6 nm and length 400 nm (as shown in Fig. 1 ), has been prepared with the method developed by Kiss et al. [9] . The DONs, which were made from a long single strand DNA and more than 200 short single strand DNAs through annealing two hours from 94 to 20 , were used to demonstrate the ACM. The DONs solution was deposited onto mica surface that was treated with 20 ul buffer solution containing 20 mM Tris-HCl (pH7.6), 1 mM EDTA and 10 mM MgCl 2 . In addition to DONs, a Young's modulus pre-known material, PS nano-particle with diameter 100nm, is also prepared. PS nano-particle will be used as a standard material to demonstrate the effectiveness of the proposed method.
All the experiments were carried out on Multimode AFM in tapping mode (Bruker Nano Inc.), with DNP probes (Cantilever B, spring constant: 0.12 N/m, resonant frequency in liquid:= 8.5 kHz) for DONs and TEST probes (spring constant = 42 N/m, resonant frequency = 400 kHz) for PS nano-particles.
B. Method
With ACM, the Young's modulus is obtained by scanning sample in tapping mode combining with theoretical calculation through Matlab Simulink. The flowchart of the ACM is shown as in Fig. 2 contacting PS in air condition) [13] , radius of tip (10 nm), the intermolecular distance (0.2 nm), the separation distance between tip and sample, and the effective elastic modulus of tip and sample, respectively.
III. CALCULATION AND EXPERIMENTS
A. Tapping force simulation
The entire tip oscillating process during tapping mode scan can be simulated by Matlab. The sample deformation d i, the tipsample interaction force (tapping forces) F i on free amplitudevarying and set point-varying can all be obtained from the simulation. The conditions of 40 nm for free amplitude and 26 nm, 24 nm, 22 nm and 20 nm for set point were used in our simulation and experiments. 
B. Young's modulus calculation of PS nanoparticle
Changing the assumed Young's modulus of PS from 2 GPa to 4 GPa with 0.5 GPa increment, and PS nano-particles are experimentally imaged in air condition with the free amplitude 40 nm and set point amplitude of 26 nm, 24 nm, 22 nm and 20 nm (same with simulation) respectively. The sample deformation d i caused by AFM tip tapping force F i is the difference between original height h o and measuring height h i , i. e. d i =h o -h i . The tapping force F i has been calculated through the simulation, so the E ci can be obtained according to equation (3) . Calculating E a2 , E a2.5 , E a3 , E a3. 5 , and E a4 , and plotting all points in E ai -E ci curve, as shown in Fig. 3 . Different color marks denote different nano-particles. The horizontal axis denotes the E ai and vertical axis is the E ci , the points on the line x=y (green line) are meaningful for us, which denote E ai = E ci that means the assumed Young's modulus match with the calculated one. The value supposed to be the real Young's modulus of PS nano-particle. From the image, it is known that the green line is crossed with E a2.5 , E a3 , and E a3.5 columns. We can obtain the Young's modulus of PS nano-particle measured by this method is 2.5~3.5 GPa under tapping force 31±2 nN. The nanoparticle is made from the polystyrene materials. Its theoretical young's modulus is 3-3.6 GPa, The value calculated through our method lays in the range of theoretical one, which demonstrate the effectiveness and validity of the proposed method.
C. Measuring the Young's modulus of DNA origami nanotube
Calculating the tapping force on DONs with free amplitude and set point amplitude in Table 1 , changing the assumed Young's modulus from 50 MPa to 250 MPa with 25 MPa increment, the calculated Young's modulus E ci and the assumed Young's modulus E ai are plotted in Fig. 4 . From the image, it is known that the green line (E ai =E ci ) is crossed with E a75 , E a100 , E a125 , E a150 and E a175 columns. The information obtained is that the Young's modulus of DON is ranging from 75 MPa to 180 MPa when tapping force value is between 0.8 nN and 1.4 nN. In this paper, an AFM based assumption-calculation method (ACM) was developed to solve the challenges existed in 1D nanomaterial Young's modulus measurement. With the proposed method, the Young's modulus can be obtained without performing shot-plot curve exactly over the sample surface, but through several image scans with different set point. The critical prerequisite for the ability of accurately positioning the tip is not necessary any more. The hurdle of Young's modulus measurement for 1D nanomaterial is moved out. The ACM method has its fundamental scientific meaning. It determines the Young's modulus of nanomaterial through the combination of theoretical calculation with experimental measurement. The Young's modulus measurement of PS nanoparticle demonstrates the effectiveness and validity of the proposed method. With the proposed method, the Young's modulus of 1D nanomaterial becomes straight forward. The Young's modulus of DON was reported for the first time. The experimental results show that the Young's modulus of DON is ranging from 75 MPa to 180 MPa when the tapping force is between 0.8 nN and 1.4 nN. The result agrees with other DNA elastic property measurement method. And it is more simple and easier, and it can be used to measure other soft nanomaterials. But the data with each assumed Young's modulus in Fig. 3 and Fig. 4 distribute dispersedly. The reason may be the measurement error, or the nonlinear of DMT model. Now we are trying to improve the accuracy of method.
